Glucose fermentation by Leuconostoc me8enter-oides has been shown to proceed via a mechanism which differs from the classical Embden-Meyerhof glycolytic scheme. DeMoss, found no evidence in cell-free extracts of this organism for the key enzyme aldolae but showed that cellular suspensions ferment glucose to equimolar quantities of ethanol, C02, and lactate as obligatory products. The diphosphopyridine nucleotide linked dehydrogenases for D-3-phosphoglyceraldehyde, D(-) lactic acid, and ethanol were demonstrated, indicating some resemblance of the Leuconostoc mechanism to the classical glycolytic scheme.
Fermentation of glucose-1-C'4 by cellular suspensions was reported by Gibbs and DeMoss (1951) and Gunsalus and Gibbs (1952) to yield C14 exclusively in C02 at six times the specific activity of the glucose fermented, whereas glucose-3,4-C04 yielded carboxyl labeled lactate, carbinol labeled ethanol, and unlabeled C02.
These results support the data obtained with enzyme extracts and, in addition, demonstrate that both C02 and ethanol must arise by a previously undescribed fermentative pathway(s).
The observation of a glucose-6-phosphate dehydrogenase in extracts of L. menteroide8, reported in preliminary form by DeMoss, , suggested the operation of an anaerobic counterpart of the oxidative hexosemonophosphate pathway via phosphogluconic acid as the fermentative mechanism involved. Such an oxidative system, previously recognized only in aerobic organisms and studied by Warburg and Christian (1932) , Lipmann (1936) , and Dickens (1938) , has been described recently in detail by Horecker and co-workers (1951) in yeast, by Cohen and co-workers (1951) in Escherichia coli, and by Dickens and Glock (1951) The data reported herein represent the initial steps in elucidation of the ethanol forming mechanism of L. msenteroides, The partial purification and study of the properties of glucose-6-phosphate dehydrogenase from this organism have shown the enzyme to be nonspecific with respect to pyridine nucleotide coenzyme requirement and to otherwise conform to the characteristics of the yeast and E. coli glucose-6-phosphate dehydrogenases. In order to differentiate the postulated fermentation pathway from the Embden-Meyerhof system and to indicate its possible relationship to the oxidative hexosemonophosphate pathways, the term "fermentative hexosemonophosphate pathway" is used in this report.
METHODS
The methods for the cultivation of Leuconostoc mesenteroides, strain 39, as well as a description of the materials and analytical methods employed, have been presented previously (DeMoss, Bard, and Gunsalus, 1951) . The cells were harvested with a Sharples centrifuge, and the moist cell paste was stored at -20 C. Protein and nucleic acid concentrations were determined optically, using the ratio of absorption at 280 m,u to that at 260 mjp, according to the method of Warburg and Christian (1941) . Glucose-6-phosphate used in the initial experiments was prepared from glucose by yeast fermentation (Dubois and Potter, 1943) ; later, material was generously supplied by Dr. B. L. Horecker. Triphosphopyridine nucleotide (purity 0.54) was prepared and assayed with yeast glucose-6-phosphate dehydrogenase, according to the method of LePage and Mueller (1949) . Diphosphopyridine nucleotide (purity 0.65) was purchased from Schwarz Laboratories, Inc. Calcium phosphate gel was prepared according to the method of Keilin and Hartree (1938) . Crystalline ethanol dehydrogenase prepared from baker's yeast according to the method of Racker (1950) Purification of glucose-6-pho8phate dehydrogenaee. All manipulations were performed either in the cold room at 2 C or in an ice bath. The Sorvall SS-1 centrifuge was operated 20 min at 12,000 rpm for all centrifugations. To prepare the cell-free extract 7.5 g of frozen cell paste were ground with 18.75 g of aln oxide (cp, Baker and Adamson, lot no. 21747) in a mortar for 20 min, and the moist mixture extracted with 30 ml distilled water. After 1953] centrifugation the supernate (21 ml) contained 580 mg protein of specific activity 3.3. Solid ammonium sulfate was added to the supernate to saturation, and after standing 1 hour the precipitate was collected by centrifugation.
The precipitate was dissolved in 30 ml 0.02 M potassium phosphate buffer, pH 7.0, and dialyzed overnight against 2t of the same buffer. After centrifugation, the dialyzate (42 ml) contained 370 mg protein of specific activity 5.5. The dialyzate was adjusted to pH 6.0 with N acetic acid and stirred during the slow addition of 3.7 ml protamine sulfate (17 mg per ml, pH 5.0). After 20 min, the heavy precipitate was removed by centrifugation and discarded. The nucleic acid content was reduced from approximately 20 per cent (280/260 ratio = 0.60) to 1.5 per cent (280/260 ratio -1.20) by this treattion and discarded; the pH of the supernate was 5.7. The C02 saturated supernate is relatively stable and may be stored in the frozen state for at least 2 weeks.
To the C02 saturated supernate 45.8 ml of calcium phosphate gel (33 mg per ml) were added slowly. After 20 min, adsorption of the active enzyme was complete as indicated by the assay described, and the gel was subjected to successive 20 min elutions with 45.8 ml portions of 0.1 M potassium phosphate at pH levels of 5.5, 6.0, 6.5, 7.0, and 7.5. Inactive protein was eluted during washing with the buffers at low pH levels. Forty-two per cent of the enzymatic activity was eluted at pH 7.0, and the specific activity (51.2) of this protein fraction was the highest obtained. A summary of the results of the purification procedure is presented in table 2.
Coenyme specificity. Triphosphopyridine nucleotide is active as the coenzyme of yeast glucose-6-phosphate dehydrogenase (Euler et al., 1935) and of E. coli (Altman, 1946; Scott and Cohen, 1951) . Diphosphopyridine nucleotide is inactive in the yeast system, and its activity in the E. coli system is unreported. As shown in figures 1 and 2, glucose-6-phosphate dehydrogenase from L. mesenteroides functions with either triphosphopyridine or diphosphopyridine nucleotide as the coenzyme. During purification of the enzyme, the ratio of diphosphopyridine nucleotide to triphosphopyridine nucleotide reduction rates remained approximately constant at 0.67 for all fractions suggesting a nonspecific nucleotide requirement. Also shown in figures 1 and 2 are the effects of adding acetaldehyde and yeast ethanol dehydrogenase (diphosphopyridine nucleotide dependent) to the reduced pyridine nucleotide systems. Only the mixtures containing reduced diphosphopyridine nucleotide show a decrease in optical density, indicating that each pyridine nucleotide is reduced as such without interconversion. From these results it is concluded that the L. me8enteroides extracts do not contain enzymes which catalyze the interconversion of triphosphopyridine nucleotide and diphosphopyridine nucleotide, as has been reported to occur in yeast (Euler and Adler, 1938; Kornberg, 1950 figures 1 and 2 show that the addition of diphosphopyridine nucleotide to a system containing reduced triphosphopyridine nucleotide, glucose-6-phosphate dehydrogenase, and glucose-6-phosphate results in the reduction of diphosphopyridine nucleotide. The further addition of acetaldehyde and ethanol dehydrogenase causes a decrease in optical density corresponding only to the level of the reduced diphosphopyridine nucleotide formed, and no further decrease in optical density was observed after one hour. These data indicate that transhydrogenase either is not present in the purified enzyme samples or is not active under the experimental conditions employed. From these considerations, it may be concluded that either the enzyme is nonspecific in coenzyme requirement or two specific enzymes are present which have not been separated during purification; the latter possibility appears unlikely, in view of the uniform ratio of pyridine nucleotide reduction rates obtained during purification. Stability. Negelein and Gerischer (1936) inactivated completely in one min at 60 C; 40 per cent of the activity was destroyed when held for 2 mi at 45 C.
Inhibition and stimulaion of acivity. Inhibition of yeast glucose-6-phosphate dehydrogenase by orthophosphate (Negelein and Haas, 1935) , sulfanilamide (Altman, 1946) , sodium iodide (Dickens and McIlwain, 1938) , and atabrine (Haas, 1944) Entner and Doudoroff (1952) who have shown that the carboxyl carbon of the pyruvic acid which accumulated during glucose-l-C4 or gluconic acid--C"4 oxidation contained C14 with one-half the specific activity originally present in the substrate. The suggested 6-carbon acid (2-keto-3-desoxy-6-phosphogluconic acid) involved in their system represents a dehydrated product of 6-phosphogluconic acid. The nature of this reaction mechanism is undescribed as yet.
The fermentative hexosemonophosphate pathway discussed above also accounts for previous data obtained from growth and fermentation experiments (DeMoss, Bard, and Gunsalus, 14 [VOL. 66 on October 2, 2017 by guest http://jb.asm.org/ 1051; Gibbs and DeMoss, 1951; Gunsalus and Gibbs, 1952) .
A site of phosphate inhibition related to C02 formation by cellular suspensions has been shown to exist at the glucose-6-phosphate dehydrogenation step, the primary reaction of the hexosemonophosphate pathway. The mechanism of such inhibition is not apparent although competition with substrate or coensyme for the active enzyme site is a possible explanation. The absence of inhibition by sulfanilamide, atabrine, and iodide may be due to differences in the reactivity of the L. mesenteroides glucose-6-phosphate dehydrogenase apoprotein and the protein of the same enzyme in other organisms.
A nonspecific pyridine nucleotide acetaldehyde dehydrogenase has been obtained recently from baker's yeast (Black, 1951 
